Rm^PCT/m 28 SEP 2004 



(l2)(»»ta*ft»l=»^^T»BB**ifcilBUII 



a9)iitff»Mffi«Kttn 
(43) aie&BiB 

2004 £ 19 H (19.02.2004) 




(10) BBftMtt? 

PCT WO 2004/015156 Al 



(51) 1®$#I*#S 7 : C22C 38/00, 38/38, HOIM 8/02, 8/12 
(21) IBfctiJBS^: PCT/JP2003/010060 



(22) BBUHB: 

(25) mf&mmom&i 

(26) se^Bacomii: 

(30) gftltx-*: 
&EE2002-232367 



2003 ^8^7 0 (07.08.2003) 

a*® 

2002 ^8^9 5 (09.08.2002) JP 



(71) MUX ±X<D&E.miZ?l\X): JFE 
X^ — (JFE STEEL CORPORATION) 
[JP/JP]; TlOO-OOlimm&^ftBEfc^H^Tg 2§ 

3 % Tokyo (JP). 

(72) *W#;fc«fctf 

(75) «n*/UHA (*il:-3^tfl)^: 

(IDE^hlnsuke) [JP/JP]; t 100-0011 ^FftBE 



fcttStgaifc Tokyo (JP). ?JI| » (ISHIKAWA^hin) 

[jp/jp]; t loo-ooii SSffl *ftBBrt$Br -T 

« Tokyo (JP). ffift (TAKAO^Keiyi) [JP/JP]; f 
100-0011 *ftBEfl*BT-Tg 2f3§ 

J FEXf-iHt^ti &MBt£ g&ft Tokyo (JP). 

& (FURUKIMI,Osamu) [JP/JP]; f 100-0011 K 
S4B * ftBErt^BU "Ta2S3*|JFEX 

*-/H*stfta a wstssi* Tokyo (jp). mm 0* 

(FUKUDA^Cunio) [JP/JP]; T 1004011 SSffi ¥ ft B3 
grt^QT - TS 2f3§ J FEX*-JH*5fc£ 
tt « W&tSSifc Tokyo (JP). gft g (MIYAZAKJ,At- 
sushi) [JP/JP]; t 100-0011 ^ftfflBrt^BT- 
T§2§3§ J FEX^-;Ufc5*£tt$nKlttg$ 
ft Tokyo (JP). 

(74) ftgA: 3S-BU (OCHIAI^enichiro); =f 100-001 1 
X£0 * ft B B f*3*BT-T |2f3fJFE X^- 
JU*a*tt fllWItSaJrt Tokyo (JP). 



(81) fB£B fBAj: CA, KR, US. 



= (54) Title: METAL MATERIAL FOR FUEL CELL, FUEL CELL USING THE SAME AND METHOD FOR PRODUCING THE 
= MATERIAL 

|mM0ii:iHUMitm, «i*ffli*fc«»*»fej:tf* *flo#»a>«a*» 

= (57) Abstract: A metal material for an inter-connector of a solid oxide type fuel cell which has a chemical composition, in mass 
= %: C: 0.20 % or less, Si: 0.02 to 1 .0 %, Mn: 2.0 % or less, Cr 10to40%,Mo: 0.03 to 5.0 %, Nb: 0.1 to 3.0 %, provided that 0.1 
= ^ Mo/Nb £ 30, one or more selected from among Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr and Hf: 1.0 % in total, and the balance: Fe 
jjjg and inevitable impurities. The metal material is excellent in the resistance to oxidation, is improved in the resistance to exfoliation 
= of an oxidized film due to the reduced growing rate of the oxidized film, has good electroconductivity, exhibits a reduced difference 
= in thermal expansion between it and a suitable electrolyte, and can be produced at a low cost. 

g (57) 

C : 0. 20 roass%gJLT\ Si : 0.02-1.0 mass%, Mn : 2.0 mass^G^T, 
Cr : 10-40 mass% Mo : 0.03-5.0 mass% Nb : 0. 1-3.0 mass%T^o 0. l^Mo/ 
Nb£30«r»8U S&K, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, ZrfcilW 
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m m m 

MMPc (Fe-Cr . ZftZft^tcjmm&te^ %<Dm<DW&J& 

mm 

IH 1 ^©-fll^^Ti 5 fcs SffJC 1 > «*I 2 £ 

Hi i {cti-f y y TS^fls??A'3 ~r (ysz) & ¥®4 *ytm&mwiM&&M 

V\ *©Mffifc (La, Sr)Mn0 3 «©BS(g£ffi) 2 33 £tf Ni/YSZ(Ni T££ 
fti7;V3^TOt-^ y h)«©&li<MttS) 3 ttftgtl *IHK£ L 

x-XKTmtfxmaymxx 5, ^i^ft»©Hwi:te#;* 6 *03&lt«»&» 
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Z (O X b tmWm^k.-f\> <0 1 l/C % (La, Sr) CrOs ^(D^W&^ 

?xtm^bthX%± 0 t**U t?5yW JPX<te6Slt<, tfcffiftXfcSr: 

m<, attain Lfcv^r: «b fti&gxh x> , $5)i3i^©@ift^jigtt, *»e#t£&*rt- 

rCip^tl^xSSfitt, #W¥ 6-264193 S# 

Rftfli&Ml^ft^&B*tW£ LT, C : 0. lmass%£TFs Si : 0. 5~3. 0mass%, 
Mn : 3. 0mass%£i(T\ Cr : 15~30mass% Ni : 20~60nass%, Al : 2. 5~5. 5mass% 

Fe *»6>ft5^^-f>f h^Tyv-^m^m^iix^o ua> 

U £©&JRWfttt» Al t Cr &*BS*£tffc»^ Al &Bfe{fc#3&£#£ LtzMit&i 

<Y h^TV-W^f*. 1 ©-< y V 7&&t&A'*-T (20 t»»fe 9O0C* 

T*©»^ib&5 9~12Xl0V e C)^Jtig5UT»3i^fo6^#V^(20 < C^b 900^ 

^^©iWiaMHfcj* i6~2oxiovc)fc«\ jBaK#ihfcit>*ora*#a5fw-s 

Ni & 20~60mass%»1-5iJ®^$)5o 
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LT, Fe : 60~82mass%*5«fctf Cr : 18~40nass%j&»&*3*ttSH^ Ofe/V) 
©£^fc©M©8li!^«H©fc*-S5S!l (La, Y, Ce £fc& Al) fcMLfc&ffi 

7-145454 -t^Rfctt, mwmmmm^m^mfAt lt, 

Cr : 5~30mass%> Co : 3~45mass% La : lmass%£TF\ ^ffiMftffyK Fe *>6> 

£f c> 9-157801 #&*fctt* @MWWiHI'f^-3^ ! ?| 

LT> C : 0. 2 mass%OT> Si : 0. 2~3. 0 mass% Mn : 0. 2~1. 0 mass% Cr : 
15~30 mass% % Y : 0.5 massftOT* REM : 0.2 mass%OTx Zr : lmassWF.. & 

10-280103 f^fifctt, S«IKlli»W^-^^ 
ZBfflt L"C % C : 0.2 mass%£lT\ Si : 3.0 mass%SilT^ Mn : 1.0 mass%£TF> 
Cr : 15-30 mass% Hf : 0.5 mass%£n\ 3W»#W»l!:Fe^fe<fcS*rt4#W*S 
*VTV*S. L*U -tbt> 9- 157801 PW&fc, B^^HLT 

%x\ mi\^m(om^^mmm<DmM^mtf'hii^\ tit, wmmmm. 
*m t urn l h^Mmm j mmmm^i-6 1> ©-mfcv\ 

STs 700-1000^ 7ffimt*mtirZ> 700~900t;£^5SI^£ffl£*i< 

3 



WO 2004/015156 



PCT/JP2003/010060 



6 B«W«o^ 

So 

&#-<-gtf&JIW$B*. ^*-3*^*/B£LTf*M^tftV\ Fe-Cr 
■OS 9, Fe-Cr REM ft Ltctctf^t-^ 9% t LT 

(Fe-cr *5«tt; J e©^Ji^ffiv^fcwmm^^■tsri: 

^P==T (YSZ) £©i»»3fgi»fc<, A*o, «afc^fct>«frfcfiJ«ftJR* 

$)x.tf, Cr 2 0 3 

1-57^7^ h^&JiW^^^^TV^;^ 5 fc, Fe-Cr 

IU «8*ft|*Lfc. ^©S^s Mo t Nb ^^mttl-rS-tfcioT, SMstti* 
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wo^i^mu ^fibt^%m<Dim mm) *%mtz>^t\z 

m^&ft#<V®ftfrg>mz.mU Cr, Fe is&Xf Si ^^^OififfcSrlHffll 

stic, Mo— Nb wmv. nw$\z&nzmmmmmmttz^5^m 

Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr, Hf 0«aiPK:J:oTB&JtT?t«r.iSrJ!, 

if^jUU^tW^SJh^SBWtt* C : 0.20 mass%^~T\ Si : 0.02~1.0 
mass% Mn : 2. 0 mass'/oOTx Cr : 10~40 mass% Mo : 0. 03—5. 0 mass% Nb : 0. 1 
-3.0 mass%-ed*o0.1^Mo/Nb^30S:SlfcU SfeIC Sc, Y, La, Ce, Pr, Nd, 
Pm, Sm, Zr ^itJ^Hf ©^^^5lS*fctt2ttRJi$:-a-ti-^1.0mass%^T 

Fe 4, Cr 4*5«fctf Si *6*, tfnB&jR#$4;:*fr UTT1E© (1) 5&5fltJE-faj!»i 

im Pe]+[*f W Cr]+[#rffi Si] £0. 01 mass% •••(!) 
r^T> WfttJFe]: ffiW&fc^tlS Fe *(mass%) 
Dtfrtti Cr] : ffi ffl*K«ilr« Cr *(mass%) 
DPfffi Si] : *fW*K^*it* Si *(mass%) 
X V mmut 0. 03 mass*SJLtT?fc5. 

$blu8 0 Or©m»M&T\ ^0/>*< 1 t> 1 0 0 0B# 

mk±!m\Jtw^ommmi\^t.^ Fe m, cr «8£t* si mz&m 

fflkz& ur TIE© ( 2 ) 5»«^&JiW-e& So 
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D&fffl Fe]+[#rW Cr]+[*fffl Si] 2:0. 03 mass% 



• • - (2) 



r^-C, [«fWFe]: WW»fc^il5FeiOnass%) 
mm Cr] : mm^ttlZ Cr S(mass%) 
mm Si] : ffttMMc^fuS Si 4(mass%) 
i V 0. 10 massftfiUi-t-fcao 

tit, mmwnMm&mmK mtmztix. -mm 

ffl*te£**b6 Fe 4, Cr **5J:tf Si »6* % IWB&JlttWl^l/rTlB©(3)5£«r 

[«f ffl Fe]+[#fffl Cr]+«fffl Si] ^0. 02 mass% • • • ( 3 ) 

rrT\ USfm?e]: %tmV9lZ$*tlZ> Fe *(mass%) 
mm Cr] : #rffl«^£HS Cr 4(mass%) 
[TO Si]: *fffi«rt!:^*H* Si a(mass%) 
H yf&Mfctt 0. 05 massttgjUb-t-fcSo 

£fc, *3SWHU C : 0.20 mass%gTF> Si : 0.02M.0 mass% Mn : 2.0 mass%£i 
T% Cr : 10—40 mass%> Mo : 0.03~5.0 mass% Nb : 0. 1~3.0 nass%"?d>0 0. 1^ 
Mo/Nbg30£iiSfcU &£>t^ Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr *3j:tfHf 
*»£>ar»t5 irafctt2«sLkfc£th? 1.0 nass%OT#FfrU »$Fe fcitf 

fc^Sft* Fe *, Cr ft&itf Si ftP, lulB^mWi£ft^tTTI2©(l)^»-r 
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[*ffflFe]+[«fttJCr]+[*fWSi]^0.01 mass% 
rr-C, [tfrfflFe]: *fffl*fc^**i«Fe*Onass%) 



• • • (1) 



im Cr] : $rmmz$-&tlZ Cr ft(roass%) 
Wffi Si] : If tMfcfc^r* *V5 Si ft (mass%) 
J: *) 0. 03 mass%gLh-efe 5 0 

ftlc&t-itS Fe ft, Cr S*5«fctf Si plB£^&tc#LTTfE©(3)&&ii& 

Hftti Fe]+Rffffi Cr]+Rff ttj Si] ^0. 02 mass% • • • ( 3 ) 

irt?, DtJfWFe]: Wtt*R:**ifcSFe*OuMs%) 

im Cr] : m fflflfefc^Sfta Cr ft (mass%) 

mm Si] : *f ttMfcfc^**!* Si ft (nass%) 
«k 5 0. 05 masiMLkVhZo 

03 : mmki\^mM^(omwm^&ir^mu^^^}^ Ltcm-?hz B 
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(1) Mo : 0. 03~5. 0 mass% Nb : 0. 1~3. 0 mass%"e^o 0. l^Mo/Nb^30 
*^<D&mmtts Fe-Cr |0^5rl*tU Z.<Dfmm$Zfc& Mo b 
Nb #9&mit& - £ K3L 0 , lMW»i»#l»feo 7 0 0*C~ 
9 0 0 , C©itffl*J|i*M©ffiffl5l*fc*SV^ Mo, Nb#G\ Fe, Si fclfttfo*, # 
*©^IRKb^*W«9«*lC*fW**^ Cr, Fe*3il5Si^©^7cmoi£f« 
frIMfPU W»fl2l4©rS!]±&BoT^5. LfrU Mo33i^Nb©igJill^»ttJPX 
tt^ffc^-frSfcfe, Mo : 0.03~5.0 mass% Nb : 0. 1~3.0 mass%t?^0 O.l^Mo 
/Nb^30 <?Mm\Z.®fetZ>o ~-T\ Mo/Nb ©§Wr±1B(SHfcl8£Ufc3ffifc tt> Mo 
/Nb<0. 1 *3<fctf Mo/Nb>30 ©3§£\ *ftfe©^l^^©*y^©ffit*& s + 
#T?ttfc<> «9SlflStt©|Rl±^^S#P>tb*V>^P>Tfe5o Mo: 0.1 

~3. 0 raass% Nb : 0. 1~2. 0 mass%-?0. 5^Mo/Nb^30 ffc£„ 
(2) C :0.20 mass%OT 

«U 0.001 nBss%^±&^-f ; 5©tf s M3:U\ Lj&»U ^JP*^ 0.20 mass%£ 
8*3 JPXttS^^bS*.- Cr i3Bf^i-S^i'K:J:D«Bfeflsttfc^»4 Cr 
0.20 mass%OTi-$!llS1-5o 0.10 mass%ETF 

(3) Si :0.02~1.0 mass% 

Si J*, ^IBKb^©^W*flBtt5^Sr*i**. b**U i&£©»l#JPI 
tt©£fc**< **t>fc, Sfefc«£fW©JRB*M«^«©ffiv* Si0 2 ££ 
^LT«ftfe3Wt*<ST**5©^ 0.02-1.0 nass%K:IS3£^5o #£L<ft 
0. 05~1. 0 mass%-C&5o 

(4) Mn : 2.0 mass%£TF 

Mn HU ^^©^te£fa±$*5©fo&gT?fc£o £©3a*«r#«fc*fcrk 
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0.05 mss%£JLh«r«ttH-*©a s a*U\ L*»U ift£fcS6iq"t"3i> MMSS&© 
i|^*B<fc». 2.0 mass%£JnFfc|RJfr*-5. 

(5) Cr : 10~40 mass% 

*73*T?*>3. l*U ifig©Wf^Pl£©&ft&«<©^ 10-40 mass%fcES 
£T5o i*)ffaK:ttl0~30 mass%T?*S. 

(6) Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr, Hf : lU^ft}^ 2«EU2*£th? 
1. 0 mass%£rF 

Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr&itfHf ft, l«*fctts 2tt6U:^&tf 
-C 0.005 iDass%^±©^O^P^I^I^^^4tr(R]±$*5ri:^«fco-C» 

1.0 mass%grFK:Rg5£-f~5o J: 0£r3: b< fi, 0.005~0.5 mass%Xfc5 0 

(7) ^©fife: 

Al : 2.0 mass%e*T, Cu : 0.20 mass%fi*T. Ni : 1.0 mass%£*T, V : 1.0 
mass%WTs W : 3.0 mass%OT, Ta : 2.0 mass%^T, Ti : 0.5 mass%£n\ Mg : 
0.05 mass%OTs Ca : 0.05 mass%gAT, Co : 5.0 mass%^T 

si±(D&f&fr<Dm^ Fe &£xp&mm$mxhz>o <au **fi«n*3 p, 

S, N UK MP : 0.05 mass%^T, S : 0.05 mass%OTx N : 0.5 mass%£l 

(8) tffffi*©*fffl* : 

mm-mxhz mo, Nb©Ajwwb^»^ @^t^w^m©fm»^ 
xfcs 7 o 0*0-9 o o*c©iisai • *wi©«ffl«Bfcfc38v>T, w©*mmscjm3Jt 

mft^-efcs 7 0 0^-90 oroiwa • ft(*K©teffiM-*5^-c, #*©&m 

M{k^*Sr*H-©«*»c«fttl***wi^ Cr, Fe fcitfSi ^©#7c^©i£t5M 
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Fe, Cr, Si 0 5tt&fttf±m<D^?m&%l^1Z.}lZ><D'?> tfrtttWfc***^ 

Fe 4, Cr ftfe £ Si gO&thftSr$!p-f 5 r. t •*&mM^ttto*&fwnr& 

^©fcfcfcHt, 8 0 O'CoWMBWUtC, ^olOO 0B$IHHs^4fefflUfc#& 
©TO$fc:#£*T>5 Fe ft, Cr 433 £Tf Si ft#, «IEAItt»K^l/rne©(2) 

**«ta t-cv >5 r. i u\ 

[TOFe]+[TOCr]+[TOSi]^0.03iiHSS% • • • (2) 
m-e, [TOFe]: WW««!:^*Jl5Fe*0nass%) 
[TO Cr] : «f fflft K^* Jl5 Cr * (mass%) 
[TO Si] : Si »(mass%) 

X 0 0. 10 masS*gU:-?fc5o 

fcfcvvc, Wffl*fc^**L5 Fe 4, Cr 4*5<):tf Si lulB^^f-f^L-CT 

ia©(i)^*«iai-s lt^s zttrnt. u\ 

[TOFe]+[TOCr]+[TOSi]^0.01 mass% • • • (1) 
[TOFe]: TO*fc*fch* Feftdnass%) 
[TO Cr] : W Cr ft (mass%) 
[TO Si] : WMte$th& Si 4 (mass%) 
«fc 9 #BK:tt 0. 03 wKsfliBJLk-WfcS. 
±15(1) 5*&J«&**fc#^ IWkliiW^OfHi^ifcS 7 0 

^9oot;©i«a«*«HW©ttfflat«tcj3v^ #ft©TO<^ •rft^^^mra^ 

ft*3, fttMfflgtt-fcSVNji, J&MES£#K: 500~9001C, 1~200 

TA'rfV', *WflE*©#H*"T\ TO^Str, TO»fc*fefc* Fe 4, Cr 4*3 

±tf Sift# % lu1B^Ji*m^LTTE©(3)^^$*5«J:5^bTt>J;V\ 

[TOFe]+[TOCr]+[TOSi]^0.02 mass% • • • (3) 

10 
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r^-e, [flrfflFe]: *fti»fc^ift5Fe*Gnass%) 
im Cr] : Cr *(mass%) 

[*f ffi Si] : tiftUmzS&tlZ Si *(mass%) 
«fc *> f&MWt 0. 05 nBss%^J:-efe5 0 

Fe, cr si wmmswmt* mmmt 

ZitfztltdmmWtO Fe, Cr *5 £tf Si <om>nnmm^zfy *^%%ftmk 
(Inductively Coupled Plasma-Atomic Emission) Kl<fcoT5&ft##fU r©|i**>6) 
Fe, Crfc£tfSi ©&7C^©#ftiA mass%) £#&fc 0 

o) mmem •• 2ffc&t> mv-e 13. ox iovtot 

B*fc1-5*l*3H!»fctt» 20fC**fe 900TC-C 13.0X10VTOT-C&5O 

kMmvxL&o&zti&hZo zcntto, tmmmt. ypcfrb 900W 13.0 

XlOVTOTtbfco ±0»*L<tt, 20*C*»e> 900^* 12.6X10^/*CeJLTT-fc 
-5. **3, fUKW^R©a%t^ 7/V=?y#B^*-C 20mm X 5mm ©£*» 20^^^ 
5T/^-e»L, mCttUtW&&&M0-ttfc Lmm (L-20)/20 
&(900-20)t:T'§!l5r£fcJ;i9#&fco 4H^X/A*:ov^ 3#SB£U ^tutr 5 ? 

(10)miSm: 5 0mQ-cnmT 

5 0mQ-cm 2 £j@x.3^ mottffi^L^eT-t-So -©fc«>, tt^&ftf&fc 

5 0mQ-crfOT*L;fc. it)»*L<tt, 30mQ •cra 2 £iTT?$>S 0 ft*b\ «SaS#tf£ 

ft, EI2^-f lmm-e20mm^|©Pt^-^N- (20mm£, OT:lmm:j3£ 

5mm) fcttSSK iTW^ft© Pt KWII, *EM3£ffl©Ptift*Ste-U- 

$ &fc 0. 2MPa ©WS&WfcW? 800t>©^ 1 ^WSfegU 1.2A ©WStffcL 

T±T© Pt «©IH©*E*»J£U W&ft^aSffillfciBK 4cm 2 fcjWt* ritic 
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Vtc 0 

(id mo^mm 

(1 2) SStm 

©ffl^«L/c^i^Mu wt&'Mgmmmmm (ss-vod) kxv>2 

V\ £t^i9#f>;ftfc*7:/W\ Mia^MU i«U 700-1200^ 
M-tZm&Mts ±.W!®mL*£b\Z.$}fflBMU hZWtZbt 700-1200^©^ 
#l;tr£> =i;V^-h^JPX (corrugate) , ^^y^pi^SiJ©^^^^ 

500-900*0, i~2oo i$iHk r^y, j&m&&<o%w^x, mmymzL 

^ffflfe^t^S Fe *, Cr Afcitf Si tWB&JW«5Uc#LTTC© 
(3)S&Mllft**aJ:5fcLTt>J:v\, 
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[^fWFe]+[^ffttlCr]+[*ft±JSi]^0.02 mass% • • • (3) 
^rT\ mtii?eV. «fW*fc^*JbSFe*(inass%) 

[flfffl Cr] : 1ftim>\Z$$LflZ Cr fi(mass%) 

mtti Si] : mmz$t.tl5 Si #(mass%) 
J: «9 SiSKltt 0. 05 mass^i-C&So 

^^5fef4> #Hl|^$^ 1 b(D-Ctt^<MIG(Metal Inert Gas) „ MAG (Metal Activ 
e Gas) ^ TIG(Tungsten Inert Gas) ^<Dm%<DT—?%@i, *#s> S^-A 

Jtlfcfll 

ffiifcJ:*) 200mm £jh/6>©*9^fc 125ffCldlia&US:©t>, ft 

IHfflE UTS© 5nm <Dm&Rk U 700~1200r©fiJW^St^QK®^ifeLfc o 
&V>T\ *&Wffl8§fcJ:0«*lm ©«tU 700~1200 < OZ>j&&&£*TV\ i^JL 
SSrJlLfCo ^0?&M)»K^G>n lmmX30mmX30mm ©*^A'MI5 WU TI2 

<H*faBH*> 

*^#KMTT\ 800 < C{cJP^^^c^^{Cl000^Pi^i-5mft 

©f^©m^^mit©^^xfijoT^«4ira!i^bfc 0 s&k, mm. 
5 wm v , z<D«m<Dmk<Dmm&m%. u mia* o. img wt&> w t 

(O) > S»tfS0.1mgjSx.£, f&J$Nr>9 (X) tfmvtz 0 

<mmtmmm> 
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%$X\ 1000^X600 mi (8 0 O'CxlOO J5im$L& ± 

<wtt}7c«»©a!i^> 

Fe, Cr *5«fctf Si ©S^SRoTOfctt, I«fefl2H3«^®S*^&, 10%AA 

©Fe, Cr^iT^SiOi^^W^^^X^M^^nfetlnductively Coupled 
Plasma-Atomic Emission) \Z X o -Cj£J##f U - ©*S*&» £> Fe, Cr *3 «fc Si <0& 

jmott\m «fejwmw*i-« wss%) &#&fco 

T/V^y^H^t-C 20mmX5mm ©WR* 2ffCd»fe 5TC/#T?#i£ 
U 90tfCfc»UfcB©«:£fo©^fc Lmm iLfctt, (L-20)/20 & (900-20) 

ttffffi&tttt, HI 2©<fc 5 KJ¥£ lmm "C 20mm £© Pt $Tl^fcttf*®^©f*$- 
(20mm £ N fflf. : lmm *5j;tf 5mm) £f*£3s JiT-WEft© Pt &fcm&f5fWB, 
«BE§!l£ffl© Pt mZ&&U £ fed 0. 2MPa ©#S£;W-tfc«T? 8OffC©0Sfc 1 B* 
IRfflcBL, 1.2A ©«jftfc«LfciH-©*E«:«5feL, # ^tifc^ffi^^jsf ©®» 
4cm 2 frWt S r t K iottli«(iS«$) Wy?Afco\ vt* 

£frfc©»»©*Sfc& % *£*T*2:J8J:t«t3JC*Ufc. 

*1\ KfifeffettcWftB* (8 0 0"Cx 1 0 00W R:ov*-cKm-S. *2 
**feHM»fcJ:SI^ C, Si, Mn, Cr *s«fctf Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr, 
Hf frt>mmitcimi±<DmmK >*3&0§©<68Bfc&*K Fe-Cr Mo, Nb £ 

%^jS&n bfc No. 2 tf>£> No. 1 2 *5j:tf No. 36 frb No. 47 ©#$tt*> «3 {C^i" 
i5«tt?W©MWtl!l3l^^5 Fe ft Cr ftfcitf Si 
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[*fttJFe]+[«fWCr]+[*fWSi]^0.01 nass% •■•(2) 
— [#f UJ Fe] : *ftt|W^*^6Fefi(mass%) 

WffflCr]: ^ffl^iC^n^Crfi(mass%) 

ftfffflSi]: tfftfW^SftS Si ft(mass%) 
ilMlSttt^TOW^tl^ Fe *, Cr fi*3£tf Si Titfl5&l*t$H-*f 
LTTIS© (1) a&rV ^-fih»t>«J£ LTV ^fc, 

[^fttJFe]+[^fl±JCr]+[*fWSi]^0.03 mass% •••(!) 
mT\ C«fWFe]: ffiW«^;3^5Fei;(mass%) 

mm Cr] : *fffi«rt!:^**L5 Cr S(mass%) 

mm Si] : #f m>£iSt M Si * (mass%) 

rrofcfc, & 2 k^cj-j: 5 \z.^-?ti*>m.{mwpft< , mo, Nb 

$6>fc> if^©An^^(1000 , Cx600hr)©^^oV>Tt>, ^2© No. 2-12 *5 
«fctfNo.36 No. 47 fc^Ufc£5l^ Sc, Y, La, Ce, Pr, Nd, Pm, Sm, 

Zr, Hf frbWt3fr&imELki:%toitSZkK.3L<>X. Bfeffc&RoBSIIiltSrf^F 
fc&^TS^a^tfco *fc> «S«tt. ^3 6 No. 2-12 Jail* No. 36 frb 
No. 47 fc*UfcJ:5fc, Wf»vt> 20 < Ctf>£> MtfCt? 13.0X10VTOT£&oT:j3?>,, 

#^5>lx-5 e m^g^i^ No.2~12 *5£tfNo.36 frb No. 47 ^L^«t5 
nttfdtfl/C, C, Si, Mn, Cr, Mo, Nb&J;^ Sc,Y, La, Ce, Pr, Nd, Pm, Sm, Zr, 
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fllfctf , No. 33 t No. 34 \% ^f^f^m<om^ - 1 5 7 8 0 1 2 <D 
No. 5 10-280103 1 © No. 3 toV^ EWfcfc^* h &Uh% 

<DX*hZ>1>K m\$0^f&M&M&*%^tM^ WJaStftflttS*L<i*V\ No. 27, 
No. 52 &mv^»l«©W^c«i», S^tSffiffi 

©SI£t>*We*>ofco No. 28, No.53©4^©£5fc^J&Cr©^» 

apxtt^a* 5 « a» y> t\ mM&&&Lx*>wm*z*.z. * ^ no. 24, 

No. 49 5 CCWv^illl Ctf* Cr ^^OV^X^J Cr 

5fc©, BIWblteSMfiTUTV^o #4©Si£r£tfNo.25, No.50©W*H4s 

XjWaHffTBIIBT**V^ #*© SiO,*S4j*LT389» Hftfitfcftfc* <*t* 

Mn ft, m{k^©fJSt^WJ-t-^3i s > fr,0,M*©«JB£^3i^fc»fc:» 
»fblfcSr&riM"So *©fc»» No. 26, No. 51 ©#$f©<fc5fc:Mnl;;&^V^ |fcfb& 
«6flSJP< ifc <?3Bff-C«^a^uKlt>ffiaW*^-iLS. No. 29, No. 54 ©#$-©£ 

Jrfctt&*&3»»±*V\ Nb ©3§£ (No. 30, No. 55) t>f^-efc£ 0 O.l^tfo 
/Nb^30 ©*#&»*: $*l^§£- (No. 31, No. 32, No. 56, No. 57) fcft, tffWfttf 

4>&<, Blfefl^±©&*tohSv\, 

Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr, Hf # % «JP-C&3;5\ h%W% 
*»WBBB**6^Wb« No.l, No. 1 3-3 2©*flsftttk * 2 ©KifrTWflBiWfc© 
ISlWcfeV-C, No. 16, 23 t 26 fcfcft, RfBtt#HW"*-*)fc*l/CV^. - 

W5£i:ttlti**l\, m{bHfi^w^^$^V>No.l6, 23, 26 fcttftffi 

mm 2 

SRfflB|R-T?©*ftt*llHELfc. ftft&©l©i0fJl©&l©No. 2© 5 mm©liS^ 
10 5 0*CT?8«U 6 OXXDim (Ml 5mass%+^o|l 5 mass%) fcgatL 
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*o[*fitjFe]+Bfftticr]+c«fWSi] % n&iwsik iaiiwtaffiffiaw©*. » 

jBUfbtt^ : 1. 6g/in\ IMS&ftttKft : 60.2g/m\ »Wlt© [tfffctJFe] 
+[*JfffiCr]+DtfrfctJSi] :0.03mass% (16) % 0.50mass% <&) , fti&SSSm. ■ 12. 6X10" 6 
/■C, *ft^aM^:2anQ-cn^C*ofc. il©No. 2©fRl3ffiK068i©>f 
*:?*£bT©#terau ^ 2 *5 3 \Z.tf lfci«S®»tti £#113^©^ 
Stff LTV >3 r £ d5«-C# fCo 

*lfi£©IS»0! l©ilONo. 5©^M$$fe&:fc SXftiS&o&tim 2 ©fUite 
800^, 10l*IWoWW«BffiUfcS"C©#tt*Wa£Ufc- Wffi*^*©?frffi£fifi**5 

J; t«w«©if^{b^m> »^M5£i*ft I^fl3«MMift© [*f mFe]+ 
*©*!*» ^i©No. 5©^Sg^lWJ:l^^©ll*6^J2©B@4R©iiiMl2tt 

ttfe W^^^^^Bt^©[^WFe]+[™Cr]+[^t±|Si], fS&iSS&gC, fcitfm 
■*8B8i»l£tt» *h**t No.5©^«^Ktt««^: 1.7g/m 2 , If&fbttftl 
jgi*ifc = 64.3g/ra\ (^^^^^^©[ffWFel+C^ffiCrf+WWSi] : 0.05mas 
s% (M) x 0.54mass% (&) , IMRMMR : 12.4X10-VC, : 28mQ-cm 

\ No.2©H&«#fcR^ Wkttft^:L5gM iig^tiA&tttR : 58. 4g/m\ » 
mfbffi)P^^ttim©[^fWFe]+[^fWCr]+[^WSi] : 0.05 mass % (M) , 0.51 mass 
% m , 12.6X10VC, H^^lS!!^ : 27mQ-cm 2 -?&ofc 0 £©#£ 

HS(S#!l4 

Kf^©m^!ll©*l©No. 2 <nmgffifo%Ri^X, 4V9—a*9 *-SrfE 
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T) *WLfc. fcfc, 3S«ffl4©ffHliH\ <-fy hyrsSBfefb^a-T (YSZ) % 
imZ^tzMZ 0.2mm, 105mm ^©m®««©-^ NiO«t YSZ«& NiO t 
YSZ j&SffittT? 4:6 fc fc 5 £ 5 KSS^ Lfctt* (MMW *mt\ t>5-#K: 
Laa^Sr ft JfaOi«^i YSZ »5&H»ttre 8 : 2 fcfcS J: 5fc»frLfcWB 
*m«Tx W»U** 50 Mm fcfc*±5fi^*y~>fl*ll'"C 1400t)-ej^Lfc« 
iSHJ^Wffi&a^Srfflv^TfTofc. l|iir/V£#£^S>fV*-3***^£ lmm % 
105mm 3 © £ 5 0. 5mm ©tf^iiifii&ffl© 5mm H^tSr 10 ^ 

5mm IWBKSOlIMniU «S«-««^^©M{i!l^ffiLfc: 0 JfitiMttTOUE*' 
99. 9999%) 30 < C©^MLTm$!l®g 0. 2A/cra\ Eg 

750fcT3sw*«rfTV\ iooo m\^<onmKHox^mm^mmh±o 3«£ 

&8k<Vj£%s 1000 l^lW#l;:fc»t5ffl^®E©<ST(- MMDtt l. 8Jl£/Js* < , # 
Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr *3£tfHf ©*a>£>3gf£h,£ l«*fctt 

7V©ttlg©^b^fli$iJX-# 5 i i t>fc, »i»©fi3^ Mollis - i*"C# 
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1 



ffl 

No. 


ft # & ft (mass%) 




C 


Si 


Mn 


Fe 


Cr 


Mo 


Nb 




Mo/Nb 


1 


0.004 


0.11 


0. 11 


Bal. 


19.65 


1.98 


0.34 




5.82 




2 


0.004 


0.11 


0. 10 


Bal. 


19.65 


1.97 


0.33 


La: 


0.05 


5.97 




3 


0.004 


0.11 


0. 10 


Bal. 


19.98 


2.04 


0.37 


Y: 


0.07 


5.51 


9U qq Asa 


4 


0.005 


0.13 


0. 10 


Bal. 


20.11 


2.01 


0.38 


Zr: 


0.15 


5.29 




5 


0.004 


0.10 


0.10 


Bal. 


20.03 


1.91 


0.33 


Hf: 


0.08 


5.79 




6 


0.004 


0.11 


0.11 


Bal. 


20.01 


2.01 


0.34 


SC 


0.03 


5.91 




7 


0.006 


0.12 


0.10 


Bal. 


19.95 


2. 11 


0.31 


Ce' 


0.06 


6.81 




8 


0.006 


0.11 


0.13 


Bal. 


19.77 


1.94 


0.35 


Pr 


0.05 


5.54 




9 


0.004 


0.11 


0.13 


Bal. 


19.86 


2.04 


0.35 


Nd 


0.05 


5.83 




10 


0.005 


0.10 


0.12 


Bal. 


20.12 


2.03 


0.34 


Pm 


0.06 


5.97 




11 


0.004 


0. 10 


0.12 


Bal. 


20.45 


1.90 


0.33 


Sm 


0.05 


5.76 




12 


0.003 


0.13 


0.11 


Bal. 


20.08 


2.13 


0.34 


La 


0.71 


6.26 




13 


0.150 


0.10 


0.12 


Bal. 


20.09 


2.13 


0.31 




6.87 




14 


0.004 


0.05 


0.11 


Bal. 


19. 35 


2. 18 


0.33 




6.61 




15 


0.005 


0.72 


0.13 


Bal. 


19.56 


1.89 


0.35 




5.40 




16 


0.005 


0.13 


1.83 


Bal. 


19.99 


2.01 


0.34 




5.91 




17 


0.005 


0.11 


0.11 


Bal. 


14.75 


2.08 


0.35 




5.94 




18 


0.005 


0.12 


0.11 


Bal. 


30.29 


1.94 


0.34 




5.71 




19 


0.004 


0.11 


0.12 


Bal. 


19.87 


0.10 


0.36 




0.28 




20 


0.005 


0.10 


0.13 


Bal. 


19.73 


4.16 


0.34 




12.24 




21 


0.004 


0.12 


0.11 


Bal. 


20.04 


2.09 


0.20 




10.45 




22 


0.004 


0.11 


0.12 


Bal. 


19.54 


2.01 


2.40 




0.84 


mm 


23 


0.004 


0.09 


0.11 


Bal. 


20.05 










mm 


24 


0.300 


0.09 


0.12 


Bal. 


20.35 


2.04 


0.33 




6.18 


mm 


25 


0.006 


3.50 


0.09 


Bal. 


19.88 


1.94 


0.32 




6.06 


mm 


26 


0.004 


0.10 


2.20 


Bal. 


20.03 


2.15 


0.38 




5.66 


mm 


27 


0.006 


0.12 


0.09 


Bal. 


6.24 


1.99 


0.35 




5.69 


mm 


28 


0.005 


0.10 


0.12 


Bal. 


45.22 


2.02 


0.36 




5.61 


mm 


29 


0.005 


0.11 


0.10 


Bal. 


20.12 


6.11 


0.34 




17.97 




30 


0.004 


0.12 


0.12 


Bal. 


19.45 


1.91 


4.05 




0.47 


mm 


31 


0.005 


0.11 


0.13 


Bal. 


20.18 


0.03 


0.39 




0.08 


mm 


32 


0.006 


0.09 


0.11 


Bal. 


19.75 


3.64 


0.12 




30.33 


mm 


33 


0.024 


0.42 


0.51 


Bal. 


.21.94 






La:0.03 
Zr:0.24 




mm 

JP9-15 
7801O 
No. 5 


34 


0.030 


0.45 


0.63 


Bal. 


24.10 






Hf :0. 15 
Y:0.02 




mm 

JP10-2 
80103 
©No. 3 
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Na 


ft # £ ft (mass%) 




C 


Si 


Mn 


Fe 


Cr 


Mo 


Nb 




Mo/Nb 


00 


0.024 


0.15 


0.16 


Bal. 


21.80 


- = - 


- = - 


La: 
Zr: 


0.03 
0.27 


- = - 


mm 


36 


0.145 


0. 11 


0.09 


Bal. 


19.87 


2.01 


0.35 


La- 


0.06 


5.74 


mm 


37 


0.005 


'0.05 


0.12 


Bal. 


20.11 


1.97 


0.34 


La 


0.04 


5.79 




38 


0.004 


0.81 


0.09 


Bal. 


20.06 


1.99 


0.33 


La 


0.05 


6.03 


mm 


39 


0.005 


0.12 


1.45 


Bal. 


19.87 


1.98 


0.33 


La 


0.05 


6.00 


wm 


40 


0.004 


0.09 


0.12 


Bal. 


14.87 


2.11 


0.34 


La 


•0.06 


6.21 


mm 


41 


0.004 


0.11 


0.13 


Bal. 


30.32 


2.01 


0.32 


La 


:0.05 


6.28 


mm 


42 


0.005 


0.12 


0.13 


Bal. 


19.74 


0.11 


0.37 


La 


:0.07 


0.30 


mm 


43 


0.004 


0.11 


0.09 


Bal. 


20.01 


421 


0.32 


La 


:0.05 


13.16 


mm 


44 


0.005 


0.11 


0.10 


Bal. 


19.98 


2.01 


0.21 


La 


:0.06 


9.57 


mm 


45 


0.005 


0. 13 


0.09 


Bal. 


19.99 


1.94 


2.40 


La 


:0.03 


0.81 


mm 


46 


0.004 


0. 13 


0. 11 


Bal. 


19.58 


4.35 


0.15 


La 


:0.04 


29.00 


mm 


47 


0.005 


0.11 


0.11 


Bal. 


20.08 


0.30 


0.50 


La 


:0.05 


0.6 


mm 


48 


0.005 


0. 11 


0.09 


Bal. 


20.12 






La 


:0.03 




mm 


49 


0.304 


0. 10 


0.12 


Bal. 


19.95 


1.94 


0.38 


La 


:0.05 


5.11 




50 


0.003 


3.76 


0.11 


Bal. 


20.18 


1.98 


0.35 


La 


:0.07 


5.66 


mm 


51 


0.004 


0.11 


2.10 


Bal. 


20.13 


2.03 


0.32 


La 


:0.04 


6.34 


mm 


52 


0.005 


0. 11 


0.10 


Bal. 


6.19 


2.12 


0.35 


La 


:0.03 


6.06 


mm 


53 


0.006 


0.10 


0.11 


Bal. 


45.58 


2.08 


0.33 


La 


:0.05 


6.30 


mm 


54 


0.005 


0.09 


0.11 


Bal. 


20. 20 


6.32 


0.32 


La 


:0.08 


19.75 


mm 


55 


0.005 


0.11 


0.09 


Bal. 


19. 87 


2.11 


405 


La 


:0.03 


0.52 


mm 


56 


0.004 


0.09 


0.12 


Bal. 


19.91 


0.03 


0.41 


La 


:0.05 


0.07 


mm 


57 


0.006 


0.09 


0.10 


Bal. 


19.81 


3.71 


0.11 


La: 


0.04 


33.73 


mm 
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&2 



SHTi 

Na 


WBfett:8O0CxiOOOhr 


100(TCx600hr 




Mb* 










1 




1 5 

X. v» 




-37.6 


x 


mm 


2 


(Mn Pr J n Pr O. 


1 5 

X. V 


' O 


61.6 


O 


mm 


3 


VMH, Lxy 3 U41 l/r 2 <J 3 


1 fi 

X. 0 




65 8 


O 


?&wm 


4 




1 Q 

X. 57 




78 5 


0 


mm 




Ai_ /"»_\ 0 Pi- O 

Uwii, try 3 u 4, Lr 2 u 3 


1 R 


0 


72 1 

f Cj. X 


O 


wm 




(Jwn, Cr; 3 U 4 , u^Us 


1 7 
1. 1 


0 


fi7 1 


0 


wm 


7 


vMn, C173U4, Lr 2 U3 


1 ft 


D 




0 


mm 


Q 
O 


(Mn,Cr; 3 04, lr 2 U s 


1 G 


r\ 
\J 


fin 1 


D 


wm 


q 


UffiijGrJsU^ Lr 2 U 3 


1 A 
1. 0 




fin ^ 


O 


wm 


10 


Uto t ur;3U4, lr 2 U3 


1 £ 
x. 0 




TO 7 


n 


wm 


11 

X X 


ym,Cr; 3 U4, ur 2 U3 


1. 0 




fi9 4 


V-/ 


mm 


X«r 


UbifCr^U^ Cr 2 U3 




vj 


fil P 
ox. 0 






1? 

xo 


U^Cr^U* tr 2 U 3 


9 A 






x 




14 


CMn,Cr;304, u^Us 


1 A 
x. 0 




-97 R 


x 




1R 
xo 


W^GLyjO* Cr 2 0 3 


9 1 
Z. X 




-AO 1 
tO. X 


x 




XVI 


Mn 2 U3, vMn, Cx; 3U4, U2U3 


19 Q 










17 
1 f 


UnijCr/aU^ Cr 2 U3 


1 A 




-11 ^ 
XX. J 


x 




xo 




1 7 
1- 1 




-40 0 


x 




1Q 

XJ 


vMn, 017 3 U 4, 1x2^3 


9 9 
Z. Z 






x 


\mm 


20 




9 3 


0 


-14.6 


x 


mm 


21 

ox 


0fo,Cr) 3 O4, Cr 2 0 3 


1.9 


0 


-32.3 


X 


mm 


22 


Qfa,Cr) s O* Cr 2 O s 


1.6 


0 


-53.9 


X 




23 


(Jfa,Cr) 3 04, Cr 2 O s 


3.2 


0 


13.5 


X 


mm 


24 


VlllX, VX/3VJ4} V/X 2 V^3 


3.1 


X 


-12.7 


X . 




25 


0fa,Cr) 3 O4, Cr 2 O s 


3.3 


O 


-51.2 


X 




26 


MnaOs, ain,Cr) 3 04, Cr 2 0 3 


16.4 


0 


132.1 


0 




27 


(Mrx,Cr) 3 0 4 , Cr 2 C>3, Fe 3 0 4 


100^ 


X 








28 


(Ma,Cr) 3 04, Cr 2 0 3 


3.5 


O 


-24.5 


X 




29 


0fa > Cr)aO 4 , Cr 2 0 3 


3.4 


X 


-5.4 


X 


H^@3 


30 


(Ma,Cr) 3 0 4 , Cr 2 0 3 


3.1 


X 


-70.5 


X 


mm 


31 


(Ma,Cx) 3 04, Cr 2 0 3 


3.3 


O 


-36.3 


X 


mm 


32 


(Mn,Cr) s 04, Cr 2 0 3 


3.5 


O 


-10.7 


X 


mm 


33 


Qto.Gr) 3 0* Cr 2 0 3 


12.8 


O 


90.2 


0 


mm 

JP9-157 
801© 
No. 5 
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m 

No. 


ia$$H$:8OO < CxiO00hr 


lOOffCxeOOhr 


Dffl *9 


WXM 


w 


mm 
& 


mm*. 

(g/in 2 ) 




34 


Ofa.WjO* Cr 2 0 3 


11.5 


0 


OA C 

90. 5 


o 


mm 

P10-28 
0103O 
No. 3 


35 


(M^CrJaO* Cr 2 0 3 


10.5 


0 


88.4 


o 


mm 


36 


(Mn,Cr) 3 04, Cr 2 Q 3 


2.4 


0 


74.5 


0 


mm 


37 


(Mn,Cr) 3 0 4 , Cr 2 0 3 


1.6 


0 


69.4 


0 


mm 


38 


(Mn.CrJjO* Cr 2 O s 


2.1 


o 


70.1 


o 


mm 


39 


0Jn,Cr) 3 O 4> Cr 2 0 3 


9.8 


o 


75.4 


o 


mm 


40 


(Mn,Cr) 3 0 4> Cr 2 0 3 


1.4 


o 


68.7 


o 


mm 


41 


Qln,Cr) 3 0 4 , Cr 2 O s 


1.7 


o 


69.1 


o 


mm 


42 


Qin,Cr) 3 0 4 , Cr 2 0 3 


2.2 


0 


75.9 


o 


mm 


43 


(Mn,Cr) 3 0 4 , Cr 2 0 3 


2.3 


o 


76.4 


o 


mm 


44 


(Mn,Cr) 3 Q„ Cr 2 O s 


1.9 


0 


68.9 


o 


mm 


45 


(Mn,Cr) 3 0 4 , Cr 2 0 3 


1.6 


0 


68.2 


0 


mm 


46 


0dn,Cr) 3 O 4> Cr 2 0 3 


2.1 


0 


742 


o 


mm 


£ 


0fa,Cr) 3 O 4 , Cr 2 0 3 


2.2 


o 


73.1 


o 


mm 


48 


(Mn,Cr) 3 0* Cr 2 O s 


3.1 


o 


106.7 


o 


mm 


49 


(Mn,Cr) 3 04, Cr 2 0 3 


3.2 


o 


110.3 


o 


mm 


50 


0ln,Cr) 3 O 4> Cr 2 0 3 


3.3 


o 


101.8 


o 




51 


JfajOj, 0in,Cr) 3 O 4 , Cr 2 O s 


16.6 


0 


138.9 


o 




52 


(Mn,Cr) 3 0 4 , Ci^Os, Fe 3 0 4 


100^ 


0 




o 


mm 


53 


Qfo,Cr) 3 04, Cr 2 0 3 


3.4 


0 


103.2 


o 


mm 


54 


0fa,Cr) 3 O4, Cr 2 0 3 


3.6 


0 


104.5 


o 


mm 


55 


0fa,Cr) 3 O4, Cr 2 0 3 


3.2 


o 


111.7 


o 


mm 


56 


(Mn.CrijO* Cr 2 0 3 


3.3 


0 


118.9 


o 


mm 


57 


0Ai,Cr) 3 O4, Cr 2 O s 


3.4 


0 


107.4 


o 


mm 
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H3 



IP3 
No 


C#fajFe]+[*fWCr]+C*faiSi] (massSO 


w 


-fit 

lis. 

VIQ LIU / 








1 


0.03 


0.51 


19 A 
• 1Z. 0 


9fi 
ZD 




2 


0.03 


0.49 


19 

1Z. 0 


96 

zo 




3 


0.03 


0.52 


19 S 
1Z. 0 


97 
Zi 




4 


0.03 


0.51 


19 c. 
1Z. 0 


9Q 

zy 




5 


0.03 


0.48 


lO A 

1Z. 4 


90 

zy 




6 


0.03 


0.53 


19 C 
1Z. 0 


9Q 

zy 




7 


0.04 


0.55 


10 c 

lz. 0 


9Q 

Zo 




8 


0.03 


0.51 


19 C 
1Z. 0 


9A 

zo 




9 


0.03 


0.48 


in c 

12. o 


o*7 

z/ 




10 


0.03 


0.48 


in A 

12. 4 


oc 
zo 




11 


0.03 


0.48 


12. 5 


zo 




12 


0.03 


0.46 


in /* 

lz. 0 


9A 

oU 




13 


0.04 


0.51 


in c 

lz. 0 


40 




14 


0.04 


0.55 


in c 

12. 0 






15 


0.03 


0.49 


i o >i 

12. 4 


Ol 

ol 




16 


0.03 


0.48 


in r- 

12. o 


11/1 
114 




17 


0.04 


0.53 


in r 

12. 5 


zo 




18 


0.03 


0.50 


in A 

12.4 


oc 
ZO 




19 


0.01 


0.04 


12. 0 


AO 

4z 




20 


0.05 


0.59 


in c 

12. 6 


>1 1 

41 




21 


0.02 


0.03 


TO C 

1Z. o 


OQ 

zy 




22 


0.06 


0.69 


in C 

lz. 0 


OR 

zo 




23 


0.005 


L °- 01 


12.5 


52 




24 


0.03 


0.48 


12.6 


51 


Iti!^ 


25 


0.05 


0.54 


12. 4 


1 CO 

loz 




26 


0.04 


0.51 


12.5 


128 


mm 


27 


0.03 


0.50 


12.5 




mm 


28 


0.07 


0.71 


1 n a 

12.4 


cc 
00 




29 


0.06 


0.63 


12. 6 


cc 
OO 




OA 

30 


0.07 


0.72 




53 

OO 




31 


0.007 


) 0.21 


12.5 


51 


JtSeSl 


32 


0.009 


0.19 


12.5 


59 




33 


0.005 


0.03 


13.5 


320 


mm 

JP9-15780 
l©No.5 


34 


0.006 


0.03 


13.4 


304 


mm 

JP10-2801 
03<9No. 3 


35 


0.004 


0.02 


13.2 


298 


mm ! 


36 


0.04 


) 0.47 


12.5 


42 
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m 

No 


[*ffflPe]+C*rajCr]+»flBSi] GnassSQ 


K) 


(mQ "cm 2 ) 


m 


mmtmrna 




37 


0 04 


0.51 


12.6 


31 


mm 


38 


0.03 


0.48 


12.4 


32 


mm 


39 


0.03 


0.45 


12.5 


49 


mwm 


40 


0.04 


0.55 


12.5 


24 


mm 


41 


0.03 


0.42 


- 12.4 


28 


mm 


42 


0.01 


0.04 


12.6 


30 


mm 


43 


0.05 


0.59 


12.6 


32 


mm 


44 


0.02 


0.03 


12.5 


29 


mm 


45 


0.06 


0.54 


12.5 


26 


mm 


46 


0.01 


0.03 


12.6 


31 


mm 


47 


0. 01 


0.04 


12.4 


33 


mm 


48 


0.006 


0.01 


12.6 


54 


mm 


49 


0.03 


0.45 


12.5 


53 


mm 


50 


0.05 


0.56 


12.4 


179 


mm 


51 


0.04 


0.49 


12.5 


125 


mm 


52 


0.03 


0.51 


12.5 




mm 


53 


0.06 


0. 70 ■ 


12.4 


56 




54 


0.07 


0.65 


12.6 


54 


mm 


55 


0.06 


0.71 


12.5 


51 


mm 


56 


0.005 


0.20 


12.6 


53 


mm 


57 


0.01 


0.19 


12.5 


59 


mm 
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1 . C : 0. 20 mass%£n\ 
Si : 0. 02~1. 0 mass%. 
Mn : 2. 0 mass%^T, 
Cr : 10~40 mass% % 
Mo : 0.03~5.0 mass% x 
Nb : 0. 1~3. 0 mss%-?1)*o 

0.1Slfa/Nb530*iltfcU 

Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Zr fcJltfHf O^^blimS 
fi2@£Lh£-afH?1.0 mass%^T^U a£&2 s Fe *3 £ ■ 

IfffiW^SftS Fe a, Cr Sfcitf Si fttf^ «5fB^M#5|SK^bTTi5©(l)S:tr 

[flffcti Fe]+DBf ffl Crl+mm Si] £0. 01 mass% • • • (1) 
[Iff W Fe] : mmmz$1tflZPem(saass%) 
V&T Hi Cr] : mmmztmZ Cr S (mass%) 
C^ftti Si] : #f tt|!& fc^lZtlZ Si ft (mass%) 

i o o om%&JimLtc.m\^ mmmi^^ Fe * o mxv si 
mm^mm^M lttie© ( 2 ltv 

. [^fWFe]+[WffiCr]+[^ftiiSi]^0.03 mass% • • -(2) 

ZZX% [IffffiFe]: mmz.^tl6FeM(mss%) 

mm Cr] : mmmz$tiflZ> Cr * (mass%) 

[m Si] : ^ mm^HtlZ) Si S (mass%) 

25 



WO 2004/015156 



PCT/JP2003/010060 



4. m&i~snttoto&X£&vx* wffiM&nzm&mw&iK tnjwB&t 

tffflOTSiVCv *©Wffl*fc^*^S Fe ft, Cr ;ft}3«fctf Si WIS 

&R#$Hc& UTT1B© ( 3 )S»«abXV^ mfifflft&gttftf-. 

[*fttiFe]+[tfftiiCr]+t^fffiSi]^0.02 mass% • • -(3) 
BJfttlFe]: *ftt*fc#*it5 Feft(mass%) 
mm Cr] : *f Cr S(mass%) 

mm Si] : mm^-£tlZ> Si (mass%) 

10. C: 0.20 mass%«T, 
Si : 0. 02~1. 0 mass%, 
Mn : 2. 0 mass%^T> 
Cr : 10~40 mass% % 
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Mo : 0. 03~5. 0 mass% % 
Nb : 0. 1~3. 0 mass%"Cd i O 
0.13Mo/HbS30&flrfcU 

Sc, Y, La, Ce, Pr, Nd, Pin, Sm, Zr SSitfHf ©^5>^i«^5 
ft2«£JLk££ff-C1.0 mass%OT£WU » Fe *SJ:IM^I3»«PRW***6)* 

[TOFe]+[TOCr]+[#ftijSi]^O.Ol mass% • • - (1) 
ZZX\ KffffiFe]: «fW»fc^**L5Fel:(iBass%) 

Hff ffi Cr] : $f ttrtfefc^feixa Or 4(mass%) 

[TO Si]: tifmyd^S.hZ Si fi(mass%) 

12. ||*3®10~1 1 vt, 3&fcfcMEKU *>3V>tt, $ 

•i3. grass 1 o~i 2©ttft©a*fiRii3v^ tai3»«?&ffl^jRW*> 

££>fcs flfffi&SLT, -t©«fm«rtC^4*tS Fe #, Cr ft*5±tf Si tufE& 

[*ffflFe]+[*fWCr]+[#fttJSi]^0.02 mass% • • • (3) 
rr-e, PfffffiFe]: TO^}-^ttSFeS(mass%) 

mm cry. ftm\z.&&tizcr&(mss%) 

mm Si] : $Ttm>tC&&frZ> Si S (mass%) 
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1 4 . m?m 10-13 <D&Mom#mz.&^x, tmmwm^m^ * e> 
1 6. umosi o~i 3©e«oa!*3fit*5v^ tmmwm^mm^ 

1 9. it*s i o~i 7©ffift©»#«235vvc, rniMm^^iim^ @# 
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